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"Composite Plasmids for Amino Acid Synthesis" 
10 BACKGROUND OF THE INVENTION 

1. Field of the Invention 

" Described are methods for the production of 
15 composite plasmids containing multiple genes that have 

been individually mutated then assembled into transcrip- 
tional units. These composite plasmids are useful in 
the production of amino acids and other metabolites and 
in screening for superior host cells. 

20 

2. Description of the Prior Art 

Bacterial fermentations are extensively 
employed for the industrial production of both primary 

25 metabolites such as amino acids and secondary metabo- 
lites such as antibiotics. The production of these 
metabolites is an industrial process of great economic 
significance. 

Naturally occurring microorganisms do not in 

30 general overproduce any metabolites since the relevant 

biosynthetic pathways are tightly regulated to avoid any 
waste of resources. The development of industrially 
useful production strains requires an extensive program 
of mutagenesis followed by selection of improved 

35 strains. Such a selection process may become extremely 
laborious in the later stages of strain development and 
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even involve the screening of individual isolates by 

fermentation. 

Recombinant DNA technology has greatly facili- 
tated strain development since it is now possible to 
5 isolate the important genes in a biosynthetic pathway 
and to deregulate them in vitro - In addition, the clon- 
ing of genes onto multicopy plasmids is an efficient way 
of boosting the expression of a gene and hence the level 
of the relevant protein within the cell. 
10 Many biosynthetic pathways are complex, how- 

ever, involving upwards of ten individual steps. In 
such cases the choice of genes and their organization on 
a vector becomes of prime importance when considering a 
recombinant DNA approach to strain development. This 
15 invention describes a process for organizing the genes 
from a biosynthetic pathway on a vector in a manner 
which maximizes the utility of the recombinant DNA 
approach to strain optimization and thereby greatly 
accelerates strain development. The products of this 
20 process are termed composite plasmids. 

Plasmids containing individual genes or 
natural operons have been described, for example in L- 
phenylalanine production FR2486961-A, EP85958-A, 
GB2053906A, EP77196-A; L-proline production GB2075056-A, 
25 EP85958-A; in interferon production, ED126338-Ar In 
tryptophan production, J59125892-A, EP80378A, 
J57080398-A, OS4, 371,614, EP124048A. These references 
do not disclose the composite plasmids described in this 
document. An amino acid Biosynthesis overview is des- 
30 cribed in the text "Amino Acids: Biosynthesis and 

Genetic Regulation", edited by K.M. Herrmann and R.L. 
Somerville, published by Addison Wesley Pub. Co. (1983). 

A review of recombinant DNA procedures can be 
found in "Molecular Cloning: A Laboratory Manual" by T. 
35 Maniatis, E.T. Fritsch and J. Sambrook, published by 
Cold Spring Harbor Laboratory, NY (1982). O.S. Patent 
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4,514,502 describes plasmids containing drug resistance 
genes and a drive-unit region from a Coryneform glutamic 
acid-producing bacteria capable of propagating in E.coli 
- or B.subtilis . 

5 

SUMMARY OF THE INVENTION 

As a composition of matter, a composite 
plasmid comprising: 

10 (a) a first DNA segment containing a replicon 

covalently joined to a second DNA segment containing one 
or more transcriptional units; (b) if only one trans- 
criptional unit, then containing two or more feedback 
resistant' genes coding for two or more enzymes active in 

15 the synthesis of an amino acid; (c) if two or more 

transcriptional units, then a first transcriptional unit 
containing one or more feedback resistant genes coding 
for one or more enzymes active in the synthesis of an 
amino acid and one or more additional transcriptional 

20 units containing one or more genes coding for enzymes 
useful in the production of an amino acid. 

Among the amino acids preferred are aromatic 
amino acids, particularly phenylalanine, tryptophan and 
tyrosine. 

25 A preferred embodiment of the invention is a 

composite plasmid wherein an additional transcriptional 
unit contains a gene for a catabolic enzyme or a trans- 
port protein. A more preferred embodiment is a compo- 
site plasmid containing 2 or more feedback resistant 

30 genes selected from mutants of the following genes: 

pheA , aroF , tyrA , pheR , tyrR , tyrB , aroL , aroH , aroG, 
trpE , aspC , or trp BAD or C. Composite plasmids are 
capable of replication in procaryotic or eukaryotic 
cells, given transcription units specific for each cell 

35 type. 
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One object of the invention is a transcrip- 
tional unit containing a catabolic enzyme or a permease 
useful in amino acid synthesis. A preferred embodiment 
of the invention is the utilization of an amylase on one 
of the transcriptional units of the composite. plasmid. 

Another object of the invention is a method of 
screening for microorganisms useful in amino acid 
production wherein a composite plasmid containing a gene 
coding for a feedback resistant enzyme catalyzing a 
rate-limiting step in amino acid production is used to 
transform a cell to be screened, then quantitating the 
production of the desired amino acid. 

The composite plasmids of the invention can be 
used to screen any Gram-negative organism. Similarly, 
5 any Gram negative microorganism can be utilized in ammo 
acid production using the composite plasmids. The com- 
posite plasmids exemplified can be used in Gram-negative 
microorganisms to produce aromatic amino acids, par- 
ticularly L-phenylalanine and L-tyrosine. Among the 
0 Gram negative microorganisms that can be used are the 
following genera: Neisseria, Veillonella, Brucella, 
Bordetella, Pasteurella, Haemophilus, Escherichia, 
Erwinia, Shigella, Salmonella, Proteus, Yersinia, 
Enterobacter, Serratia, Azotobacter, Rhizobium, Nitro- 
>5 somonas, Nitrobacter, Thiobacillus, Pseudomonas, Aceto- 
bacter, Photobacterium, Zymomonas, Aeromonas, Vibrio, 
Desulfovibrio, and Spirillum. 

Also described is a method for producing a 
composite plasmid by mutating individual genes to a 
30 feedback resistant condition such that the enzymes pro- 
duced remain active in amino acid synthesis even in the 
presence of surplus amino acid product, then connecting 
the mutated genes to a transcriptional unit. 

Preferred embodiments of composite plasmids 
35 are pME202, pME219, pME214, and pPT112. 
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BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 — Schematic of aromatic amino acid 
biosynthetic pathway 
5 Figure 2 — Growth curves of HW77/pPT112 on 

glucose and starch 

Figure 3 — Fermentation of HW77/pPT112 on 
soluble starch 

Figure 4 — Screening strains for phenyl- 
10 alanine production using composite plasraids for L- 

phenylalanine production (pME202) with zone size mea- 
sured after 48 hr. 

Figure 5 Comparison of phenylalanine pro- 
duction by HW77 and HW77/pME202 during fermentation 

15 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

One object of the invention is to combine on a 
suitable vector the genes coding for the enzymes that 
20 are of greatest importance in influencing the flux of 

carbon down the biosynthetic pathway of interest. These 
enzymes are usually the points in the pathway at which 
regulation principally occurs. In addition to these 
regulated genes, it is also necessary to include the 
25 genes for other enzymes which modulate the regulated 
steps. These genes usually are in the biosynthetic 
pathway of interest but they also occur within 
intermediary metabolism and consequently affect the 
supply of precursors to the pathway. Other genes may be 
30 of more indirect importance. For example, it may be 

necessary to include: the genes of pathway regulators, 
either to enhance the flux of interest or to decrease 
flux through an undesired competing pathway; genes that 
influence permeability of the cells, to either 
35 substrates or products; genes that allow growth of the 

organism on a more desirable substrate; genes involved • 
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in regulating the cloned genes in such a manner that 
they can be turned on or off in a manner that 
facilitates the fermentation; genes that can be used to 
influence the stability of the plasmid or to select for 
5; the plasmid. 

The genes of interest for a composite plasmid 
may optimally be organized as a synthetic or semi- 
synthetic operon in which all the genes are transcribed 
from a promoter of the desired regulatory character- 
ID: istics (see chart 1). Ideally the genes are modified 

such that they are simply assembled by the use of inter- 
vening restriction sites. Use was made of the restric- 
tion enzyme BamHI which allows for overlap of both the „ 
useful restriction site and a functional ribosome bind- 
15; ing site. Finally, it was best to include a transcrip- 
tional terminator sequence downstream of the final gene 
in the operon to limit the extent of the transcript. 
The whole operon ideally is flanked by restriction sites 
so that it can be treated as a "cassette", and contain 
20 as little redundant DNA as possible to minimize its 
size. Such an operon was constructed by conventional 
recombinant DNA techniques, involving initial cloning. 'jf 
the genes followed by the determination of their DNA 
sequence, directed mutagenesis to introduce the desired 
25 restriction sites, and construction of optimal linkers, 
promoters and terminators by the use of synthetic oligov 
nucleotides. These recombinant DNA techniques are well 
known to those skilled in the art of genetic engineer ng. 

A transcription unit is defined schematically 
30 in Chart 1. It contains assembled components not found 
together in nature and consists of a regulatory region 
containing a promoter/operator region, one or more genes 
mutated to feedback resistance, one or more restriction 
sites situated between components of the transcription 
35 unit and a transcription terminator after the last gene. 
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Chart 1 General Structure of an Qperon for the Optimum 
Organization of Genes 



R l R 2 • R 3 \ R n+2 

/P/0/****gene 1****/ _/****gene 2****/ _/****gene n ****/T/ 



p = promoter 

o =s operator (may overlap promoter) 

Site of desired transcriptional regulation (positive or 
negative ) 

(gene) 1 - (gene) n = genes of interest to relevant 

biosynthetic pathway, 
T = Transcriptional terminator. 

R l " R n " Restrict ion sites to facilitate construction 
and/or manipulation of operon. 
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ADVANTAGES OF COMPOSITE PLASMIDS 

A composite plasmid is exceedingly versatile 
and increases the flexibility of the recombinant DNA 
5 approach to strain development in the following ways. 

1. If the cloned genes for the regulated 
steps in the pathway have not already been mutated to 
yield feedback inhibition resistant (FBI R ) derivatives 
then mutagenesis of the plasmid and screening for pro- 

10 ducers will quickly yield the desired mutants. This 
method has the advantage that the recipient background 
is not subject to mutagenesis and therefore the accumu- 
lation of unknown and possibly deleterious mutatiohs 
that occurs with conventional strain development is 

15 avoided. 

2. The operon can be simply switched between 
vectors with different copy numbers to assess tne level 
of expression for optimum productivity. 

3. Similarly, the operon can be switched 
20 between different vectors to optimize stability. If 

necessary the operon can be simply reintegrated into the 
host genetic background. 

4 # The level of expression can be varied at a 
given copy number by simple modification to one 
25 promoter. 

5. The ratio of the different ger,e products 
can be finely tuned by altering the efficiency of the 
ribosome binding sites (RBS). This in turn is greatly 
facilitated by the presence of restriction sites within 

30 the ribosome binding sequences. If necessary a wide 
disparity in required levels of expression could be 
accommodated by the use of an attenuator or by splitting 
the construct into two operons with promoters of dif- 
ferent strengths. 

35 6. Since transformation with a plasmid carry- 

ing such a construct effectively deregulates a strain 
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immediately it is a very rapid method of screening for 
undefined differences between strains that influence 
productivity and thus choosing the best background for a 
producing strain. 

7. Since such a plasmid can embody all that 
is known about a pathway it can be used in conjunction 
with mutagenesis to screen for mutants of a particular 
strain that offer increased productivity. A strain can 
be mutagenized followed by transformation and then 
screened for even more productive strains. This avoids 
firstly the many rounds of mutagenesis that would be 
required to deregulate the pathway to the same extent as 
the plasmid and secondly the potentially deleterious 
effects of mutagenesis on the cloned genes. 
15 8. The operon can be cloned into plasmids 

with different or extended host ranges to allow for 
production in different species or genera. The plasmid 
will be relatively simple to optimize in these back- 
grounds by virtue of its single promoter and the 
20 presence of restriction sites in the RBS sequences. 

9, Additional genes of importance can readily 
be incorporated as the requirements of the fermentation- 
alter or as understanding of the system evolves. 

10. Since the complexity of competing: trans- 
25 cription/expression is avoided the construction anc; 

optimization of plasmids carrying many genes involved 
with the biosynthesis of a product is made much easier. 



30 



DESCRIPTION OF THE EXAMPLES 



As examples of the application of this inven- 
tion we now describe how the biosynthesis of the amino 
acids phenylalanine and tyrosine can be significantly 
deregulated and how synthetic operon plasmids can be 
35 usefully employed in the development of strains that 

produce aromatic amino acids, such a L-phenylalanine or 
L-tyrosine. 
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The biosynthesis of the aromatic amino acids 
is an example of a complex pathway that proceeds via a 
shared common pathway to chorismate where it branches to 
yield phenylalanine (ten steps), tyrosine (ten steps), 
tryptophan (twelve steps), the aromatic vitamins and 
enterochelins , see figure 1. 

In E.coli (and other enteric organisms) the 
crucial step in the regulation of the common pathway is 
the first reaction catalyzed by the three DAHP synthe- 
tase isozymes. The rate of this reaction determines the 
rate at which carbon is committed to the pathway from 
the precursors phosphoenolpyruvate (PEP) and erythrose- 
4-phosphate (E4P). The three isozymes are each 
inhibited by one of the end products of aromatic amino 
15 acid biosynthesis and are coded for by the genes aroP 

(tyrosine sensitive) aroG (phenylalanine sensitive) and • 
aroH (tryptophan sensitive). In the phenylalanine 
branch the regulated enzyme is chorismate mutase- 
prephenate dehydratase, the product of the pheA gene, a 
bifunctional enzyme in which the prepheaate dehydratase 
activity is very sensitive to feedback inhibition by 
phenylalanine. Analogously in the tyrof^ne branch, the 
tyrA gene product chorismate mut-cs-prephenate dehydro- 
genase is sensitive to feedback inhibition by tyrosine. 

In addition to feedback inhibition which is 
the main control operating to reculate carbon flux 
through the pathway, the levels of the above-mentioned 
enzymes and shikimate kinase (aroL) are-all subject to 
regulation by control at the transcriptional level. The 
pheA expression is controlled by the phenylalanine 
repressor, the product of the pheR gene, and by attenua- 
tion control. The aroF and tyrA genes together con- 
stitute a natural operon and their expression is 
coordinately regulated by the tyrosine repressor, the 
35 product of the tyrR gene. This tyrR also regulates the 
expression of aroG. Finally, the aroH gene expression 



20 



25 
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is regulated by the tryptophan repressor, the product of 
the trpR gene. 

As examples of amino acid production by compo- 
site plasmids we constructed plasmids that deregulate 
5 either phenylalanine or tyrosine production by suitably 
engineering the aroF, pheA and tyrA genes from E.coli 
K12. We used as a source of these genes a 6Kb EcoRI 
fragment isolated from a gene library by its ability to 
complement lesions in pheA and aroF G H. This fragment 

10 is essentially identical to that described by Zurawski 
et al. and was cloned into the multicopy vector pAT153 
to yield pME65. The pheA and aroF genes were located 
and sequenced by established methods and deregulated as 
described" in the Examples, Preferred composite plasmids 

15 and the host HW77 E.coli were deposited and are listed 
in the table of deposited plasmids. 

Table of Deposited Plasmids 

20 HW 77 (Host Cell) ATCC 13281 

PME 202 ATCC 53136 

pME 214 ATCC 53137 

PME 219 . ATCC 53138. 

PPT 112 ATCC 53139 

25 

The American Type Culture Collection is 
located at 12301 Parktown Drive, Rockville, MD 2G852, 
USA. 

30 Example 1 - Preparation of .PheA, AroF, AspC and 

Amylase Genes 

1. Preparation of pheA gene 



The sequence of the pheA gene is described in 
Chart 2. Insertion of a BamHI - Bglll linker at the Ncol 
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site was found to tender the prephenate dehydratase 
activity of the enzyme substantially resistant to feed- 
back inhibition by L-phe. In addition, both the choris- 
Bate mutase and prephenate dehydratase activities of the 
5 enzyme were enhanced. Transcriptional deregulation was 
effected by replacing the promoter and attenuator 
sequences with a synthetic promoter based on the natural 
pheA promoter but lacking the dyad symmetry overlapping 
the pribnow box sequence (-10). This replacement was 
10 made between the EcoRI site before the gene and a Haell 
site lying in the N-terminus of the natural pheA gene. 
Finally, a B?"WT site was introduced 3» to the pheA gene 
by directed mutagenesis. The resulting optimized pheA 
sequence is illustrated in Chart 3. 

2. Preparation of aroF gene . 

The sequence of the aroF gene is described in 
Chart 4. A feedback inhibition resistant derivative was 

20 isolated in the following way: The aroF gene was first 
subcloned on a Hindlll - BanHI fragment into the inter- 
mediate copy number vector pLG338. This was transformed 
into a strain (HW29S) lacking all three DAHP synthetase 
isozymes. This resultant = strain was then able to grow 

25 on minimal medium in the abscacQ of exogenous aromatic 
amino acids and shikima'ce by virtue of the wild type 
aroF gene product carried on the plasmid. In the 
presence of lOOmcg tyrosine ml" 1 , however, the aroF gene 
product is inhibited and consequently the strain is 

30 unable to synthesize sufficient Phe and Trp for 

growth. Mutants capable of growth on minimal media were 
isolated, pooled and retransform HW295 and the resulting 
transformants were screened for their ability to grow on 
minimal medium supplemented with tyrosine. 

35 Transformants capable of growth on this medium were 
assumed to have received a mutant plasmid and were 
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ecoftt 

GAATTCACCXACACCGGAACACXACACCTAAAATTTATCACAATCAACXTTACCACCAAA It 
•••••« 

CAAATCCAAATTACTCQCCCCATCOCCCA^CATGTCCCACACOSTCTOCCCAAACTCGAA 1 21 
AAATCCCAAACACATCTGATTAATCCACATATCATTCTCTCCAAACACCCACAAGCCTTr 181 
CTTCCTGACCCCACAATCAJlTA<^CCTAACXOCTTCTGCTO 2 40 

CATATCTACACCCC^ATTAACGAATTCATCA^CA 301 
CAGCACAAACGOGAACACGTOSTGCgCAACATCGra^ 361 
AACTTCAACAACAflTACTCCTTTATATTGACTGTATCCCCAJkCC 421 
rmCl lVSACACCCTCAHAAACAGTACCGGTACrGTACTAA^TCACrTAACGAAACAAAC 4 81 

kkhippppappptpp 

atg aaacacatacog t tct rcttc gca t t cti rr r taccttcccctgaa'iccgacccctt s4i 

tggtogtg7caaa£acaatcogaacaccaacaataacgcctcccaaatcggg<^gcctn 600 

nts bhpllalr 
tttattc at aacaaaaagcca acact atg acatcgc aaaacccsttactgccg ctg os ag ««8 

WWW 

CXXSALOBXLLALLACtteL 
ACAAAATCACCGQSCTGGA1GAAAAATTATTAGCGTTACTC 72f 

AVEVCRARLLSHRPVROIDR 
CCGTCGAGGTCGGAAAAGCCAAACrGCTCrCCCATCCCCtt 78f 

E R D L L C R I* I T L G X.AH BLDAfl 

AACG CG ATTTG CTGGAAAC ATTAATTACCXT CC CT AAAG CG CA C CA TCTG GACG CCCATt 841 

TXTRLPQLZICDSVLTOQAt 
AttrrACTCCCCTGTTCCAGCTOttCAraAJtfA 99 0 

LQ08LHKIHPHSARIAPLCP 

TC CAACAACATCPCAAT AAAATTAATCCC CA CTCAC CAOG CA TUb CI CTT C T CCGCCCCA 960 

KG S TS B L A A R 0 T A A R R P t Q t 

AAC G rTCTT A TTCCCA P C I lG CCCCCCGCCACTATCCrCCCCGTCA U "I AGCAATTCA 182R 

TCSG CA X P A D I PWQVETGQA 
TTCAAACTCCCTGCCCCAAATTTCCCgATA X 1 1 XTAATCACGTGGAAACCCCCCACGCCG X 1 80 

DYAVVPXERTSSGAXHOVYD 

A CTATC COG TCGT ACCG ATTC AAAATAC CAC CTCCG GTS C CAT AAACG ACC TTTACG ATC 1148 

* L L Q H T S L S IV'GEMTLT I DHC 

TCCTCCAACATACCAGCTTGTC G ATTSTTCCCf-ACATG ACGTTAACTATCG ACCATTCTT 1288 

LL VSGTTOLSTtHTVTSHPO 
TGTTGGTCTCCCCCACTACrCATTTATCCACCATCAATACCGTCTACAGCCATCCGCAGC 1 26 8 

PPQQC S KPLNRYPHW XI BYT 
(^TTCCAGCAATCCAGCAAATTCCTTAATCCTTATCOSCACTG^ 1328 

CSTSAAHEKVAQAKSPHVAA 
AAAGTACGTCXGCCGCAATGGAAAAGGI^CACACCCAAAATCACCGCAIGT 1388 

LCSEAGGTLYGIQVLBRIEA 
TGGGAAGCCAACCTGGCGCCACTTTGTAOGGTTTCCACGT^ 1 4 40 

N 0 R 0 MPfRPVVLARKA XNVS 
ATCAGCGACAAAACTTCACCCCATTTGTGGTGTTGGCCCGTAAAGCC^ 1580 

0 Q. V P A XTTLLHATGQQ AG At* 
* ATCAGCTTCCGGCGAAAACCACGTTC7TAATGG0GACCCGGCAACA 136 8 

VEALLVLRHHNLIMTRLESR 
TTCAACCGTTCCTGCTACTGCGa^ACCACAATCtGATTATCACCCCTCTC 1620 
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****** CKITKSNKV 

cwqAtcwAATCA^ l86i 

W«080WWrTrCACTCICAAAA^ l92i 

cccjuuuwTCAATJuu^cro lMi 

AAAOS CTT ATK5TAACCTTIC ATT AAOC5 CCAG ATTACG CTCTG ACG ACAT AATC ATG T OS 2t4i 
CCATAAACCTCOSCATCC 2tSt 
Bull 

Chart 2> Soqoonc* of tho EcoRI-B*«HI Pri9««nt Encompwino. 
Tho pAftA C«no. 

Tho B*oIX .It* M»d U fcho Ptoactjr JJJP . 
Tbo HCOI iltt ttMd foe th« BqlH llnk.f autaoooo*!* 
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eeeftl -33 Procter -n so 

GAA WCTTTH 1G T IS ACACCCTC AAAACAGTACCCCT ATAATACT AAACTCACAAAAAC 61 

HTSEBPI»LALRBXXSAL 

GCAACACTAItSACATCGGAAAACCCSTTACTCGOCCTGOSACASAAAATCAGCCOSCrGG 121 
4 %%%%%% 

OB XLUALLAERRBLAV t V G I 

ATG AAAAATTATTAfi OGTTACTGCCXC AAOGGGG OG AACXG GC 05TOGXGGTCGGAAAAS 180 

AKLISBRPVRDZ DRERDLLE 
CCAAACrCCTCrCCCATCCCCCSCTACGTCATATTCATOSTCAAOGOGAT TOCIti GAAA 240 

R L I T L G KA3BLDABYXTRLP 
CATTAATTAOGCTOCCTAAAGCCCACCATCTCGACCCCCATTACATTACrCfiCCrGTTCC 380 

QLIIEDSVLTQOALtOQHtS 

AG CTCATCATTG AAG ATTCCCT ATTAACTCAG CAGGCT TTGCTCCAACA ACATCT CAATA 360 

X X N PBSARZAP&G PEG S Y S B 
AAATTAATCGSCACTCAGCAOGCATOGCTTTTCTGGGCCCCAAASGTTCITAITCCCATC 420 

LAARQYAARHPBOfZBSGCA 
TTGOGGOSOSCCAGTATGCTCCCQGTCACtTTGAGCAATTCATTGAAMZTGGCTGCGCCA 4 80 

X PA OX PHQV BTGQ ADTAVVP 
AATTtCCOSATATTTTTAATCAGGIGGAAACGSGCCAGGCQSACTATGCCSTCSTACGGA 340 

ZBHT5SGAZMDVYOLLQ8TS 

TTC AAAATACCAGCTCCGGTG CCATAAAOG ACSTTTACGATCTG CTG CAACATAC CAG CT 600 

LS ZVG EATLTXDB CLLVSGT 

TC TOG ATTG TTG G OG AG ATG ACGTTAACT ATOC AC CA 1 ' ICTTTG T ' ll CTCTCCCGCACTA 660 

TDL STINT VYSH PQ PPOQCS 

CTG ATTTATCCACCATCA ATACC CTCT ACAGCCATC CS CAG CCATTC CAGCAATG CAG CA 720 

XFLNRYPBWKXEYTE5TSAA 
AATTC CTT AATCG TT AT C OG CACTCGAAC ATTCAATATACOSAAJC TACGTCTG CCGCAA 788 

MB KVAQAXSPBVAALG SBAG 
TCGAAA^CTTCCACAGGCAAAATCACOCCATGTTGCTCCGTTGCGAJtfCCAA^ 841 

G T L Y C L QVLERXBAVO RQNP 

C CACTTTGT ACG GTTTG CAGGT ACTGGAGOGTATTG AAG CAAATCAGCG ACAAAACTTCA 900 

T R f V VtARXAZHVSDQVPAX 
CCCGATTTGTCGTGTTCCCGCGTAAAGCCATTAACGTGTCrGATCAGGTTCOGGa; 96 8 

TTLLMATCQQAGALV BALLV 
CCACGTTGTTAATGGCGACCGGGCAACAACCCGGTCCGCTGCTTGAAGC^ 1828 

L RM B N L S fifRL CS RPZ H G N P 
TGCGCAACCACAATCTGATTATGACCOGTCTCGAATCACGCCCGATTCACGGTAATCCAT 1088 

,WRS_PWEBMPYLOXQAHLBSA 
, GG AC AT C3 C CA.TC CGAAC AC ATS TTCT ATCPC>CAT AT7CACG C CAAT CXTC AnA.TCAG OS C 1148 

B M Q. X A* U X E t» G E X ? R S HXVLG 
AAATGCAAAAAGCATTGAAACAGTTACCCGAAATCACC03TTCAATC 1280 

CYPS BHVVPVDPT •***•• 
GTTACCCAAGTGAGAACCTACTGCCTGTTCATCCAACCrGATCAAAAGCATCC 1 233 

Baa HI 

Chart 3 

Tht uqutnct of tht EcoRI-BamBt f rignant carrying tht shth atnt 
I torn pME!98 Is pct»«nttd. ' 

sa 

Tht BatZZ sitt ua«d In tht proaottr rwap tt%\%« 

Tht 12 bp instrtion conferring rBX-R *~ - 

Tht Shint i Dtlgacno aaqutnct in tht RES* 

Tht -18 and -35 cegioni of tht proaottr 
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j^^ACG^TcaecacxTx^TAxxxttt^ " 



.TOBCWWCJUltCCCrWXWCfctCO 121 
TWCCATCXATCICACATCalCrXACaCTAMCCC 2«» 



COTCCCCATAICCXTTAACCrATWACCGCeA' 
TCXTCTTTTATCCCCCTGCCCCATJ 

ctcctcxxg crrcccc csrrc astx 



.^^w.TJCCCCATT 31 • 
XACAACCGCCeCATAAACI' 1 1 ITCXTCV*-* *w * ™ 

TCK5CTCTAAAT>A*AATST*CS*AAI*WGArreAAA»CrrTACTTrAICTCtTXTCS «2I 

6< SxJ^<£xx^ 

XCAACliuAGCCOCCrrWaTTGASC^ 

^cx^xtx^^ 

^cx^*xtcL^^ »• 
c3ccacacgtcagocat; 



CTAt Jcc^x«™«c^ i»» 
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tgflMXlSe-HQfilOtRSIftK 

G XTQSAAJCTAATAtCCXOCACCCCXATCACTCTTC QS>OCX^0C 05CWTCAAA1G AA 1441 

taVSVTOACXSWIHTDXtLI 

ATACXMtGTATCaSTAACCBATCCCXGCATTJtfCTGCCAAASBACOSAlGCCrtSCTGOCS X3M 

CIHQOItWCQLTARVA *•• 
TC AAATTCATCACCATCTG AAOSCCCXG CTG ACCCCt OC OCTSCCTT AAC AG GTTTATT A 13(1 
1%%%%% 

TGCTIG CTG AATTG ACCG CAT? ACG CG ATCAAATTG ATQ AASTCCA? AAAG CG CTG CTG A It 29 
ATTTATTtf CGAAG CCTCTGGAACTGGTTG CTG AAG TGCCCC AG GTG AAAAG C GGCTTTG UU 
CACTGCCrATWATCTTCCCCCACCCCGACCCATCTATGTTGCCCT 17 « 

GCGC AAG CTCTCGGTGTACOGC CA G XTCT 171$ 
B9IXX 



Chart 4 Saquanca ot tha 8UOXXX-B9XXX fr i^m«nt tncoapaaalnfl 
taa JXDf Gana. 

m 

S«<]u«nc« altarad to a BuHX tit* In U« 

Co don altarad in n>« mutant (CAAaan-CSAar*) 

PvuXX alt* uaad in terminates wip undarlinad %%%%%% 



1 



PCT/US86/01353 

WO 87/00202 



- 18 - 

assayed for DAHP synthetase activity. One mutant that 
carried a substantially feedback inhibition resistant 
aroF gene was kept for further analysis. Restriction 
fragment switching experiments revealed that the 
5 feedback lesion was located on a BstXI to PvuII 

fragment. Subsequent DNA sequencing revealed a single 
base pair alteration that changed glutamine 152 to an 

arginine residue. 

The promoter and tyrR binding site were 
10 removed by introducing a BamHI site into the aroF ribo- 
some binding site. Sequences downstream of the aroF 
gene were removed by replacing a PvuII-Sall fragment 
with a synthetic terminator also carried on a PvuII-Sall 
fragment. The sequence of the optimized aroF is illus- 

15 trated in Chart 5. 

In addition to pheA , aroP and tyrA genes, the 
as pC gene from E.coli K12 and the alpha amylase gene 
from B.lichenoformis were prepared for use in composite 
plasmids . 



23 



3. Preparation of aspC gene 



The cloning of the aspC gene has been des- 
cribed in European Patent Application 84100521.8 (Pub. 

23 No* 116860). For the purposes of the present invention 
it was necessary to sequence the gene and introduce 
convenient restriction sites. The DNA sequence is pre- 
sented in Chart 6. A BamHI site was introduced into the 
ribosome binding site by directed mutagenesis. A Bg_lII 

30- site was introduced downstream of the gene by making use. 
of a convenient StuI site to insert a Bglll linker. 
This enabled the aspC gene to be isolated on a con- 
venient B*™ht to Bglll fragment. The optimized aspC 
gene is shown with ribosome binding site in Chart 7. 
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4. Preparation of Amylase gene 

The cloning of the B.lichenoformis gene is 
described in European Patent Application 84308868.3. 
5 The nucleic acid sequence for the amylase gene is shown 
in Chart 8. Into the ribosome binding region we intro- 
duced a BamHI site by directed mutagenesis. A second 
BamHI site was introduced downstream of the gene by 
inserting BamHI linkers into a convenient Hindlll 
10 site. Details of these modifications are described in 
Chart 9. 

Examples of Composite plasmids and their applications 

15 Example 2 

Constructs in which the genes are transcriptionally 
deregulated by virtue of their high copy number. 

20 The plasmid pME157 carries a FBI R pheA gene 

transcribed from its wild type promoter cloned into the 
high copy number vector pAT153. The aroF gene along 
with a portion of the tyrA gene on a Hindlll - Bglll frag- 
ment was first modified by the addition of a Bglll 

25 . linker to the Hindlll end and then cloned into the BamHI - 
site of pME157. Two classes of plasmid resulted from 
this procedure. In the first (pME171) the pheA and aroF 
gene are transcribed colinearly. The second class 
(pME170) carries the two genes transcribed conver- 

30 gently. pME171 was then modified to encode a FBI R aroF 
product by switching a BstXI fragment with the FBI R aroF 
plasmid pMX13 to yield the deregulated plasmid pST35. • 
The effect of these plasmids on the levels of DAHP syn- 
thetase and prephenate dehydratase are summarized in 

35 Table 1. 
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2£3ccc»tcA&cx^ M 

r. ■ T p E 0 L X A A F P L 3 I» Q 0 I A 0 

^^CTCaCAACAACTCAACCCaXTTrK 121 

XAD31I3XSDIXA«IDPtX»t, 
TTCCrCACTCCCGTAAAACCATTrCAGAIATTAtCCCfflCCCC 

V V C watCTTCOlttCATCATCacLu^CTOT 

f*AtAAeVSDSLYLV**V t F 

TTAAJCCCCTTCCOSCAGACCrCAGCCATACCCrCrAICTGCTAAtGCCCGtCTAXri'lC 311 

SRrRTTVCVKGLXVOVHMOG 

AAAAACCCOCTACa^CTCTCCCCTCGAAX^GITAATTAAOCATCCCCAXAXCCAK 368 

SfOV EAGXjQXAftXLLLStVH 
CTTTTCATCTJCAACCCGGGCIGCAGAICGCGCGtAAA t 'I U C^ ^ 428 

H6LPLATCAIDPB3PITLGD 
WCCA^CCACTCCOSAOCCAAC0GrrACATCC5AATAGCC05OUTACCTGC6CCATC 481 

LfSWSAIGARTTtSQtHAB K 
TGTTTAGCTCGTCACCXATICCTCCTCWACAACGCAAtCGCA^ .341 

ASGLSHPVGPIBCTDGStAT 
CCrCOSGCCgTTCCATCCOCC T T GCt IT X AAAAACGCCACOSACGGCAGTCIGGCAACAG 611 

AXHAHRAAAQF HBrVCXHQA 
CAATTAACSCTATGCCCGCOSCOSCCCACCCSCACOS I 1 UU1 1U GCATTAACCAGCCAG 666 

CQVALLOTQCHPOCHVILRC 
<WCAGCTTGCCTTCCTACAAACXCAGCGGAATCCCCACG6CCXT51CATC 726 

GIAP»TSPADVAOCtKe**Q 
GTAAAG CG CGSAACT ATAGCCCTG CGC ATGTTC CGCAATGTGAAAAA6 AGATCGAACACC 781 

AGtaPStHVOCSHGHSSlDT 
CGGGACTGCGCC0 51 CI C1 C ATC Gt AG ATTG CAC CCACGCTAATTCCAATAAAG ATTATC 848 

RRQPAVAtSVVAQIKOGUaS 

CCOTrCAGCCrCCCCTGCXACAArc^^ 

IXGLNXeStfXBEGNQSSSOP 
TTATTC6TCIGATCAT0CAAACTAATATCCACGACGCCAATCAGTCTTC0GAGCAACGCC 968 

R S E HIT6VS VT0ACXSW8HT 
. CCAGTGAAAlGAAAIAOCCTGTAtCaGTAACOSAWCCtGCAXTAGCrCGCAAATGACOS 1828 

OAl,LaBXB0OL86GtTARVA # 
ATGCCTTGCTGCGTCAAATTCATCAGGATCTGAACGGGCAGCT^CGGCT 18« 

••«««B«sax SftlX 

AAXG A6CATCC0GCGCG ATTCf AOS CCQS GGTTTTTf AT GTCGAC 1123 
* $$888$ ****** 

Chart 5 OptlalMd &ZQf Clonn. 

Sits Pf PBX-E nutation 

SatX fltM In ttratrntor ..JziZlJ 

Dyad ty act try in ttralnator * 

FvuXI sit* u*«d In ttraliucor sw«p undtrllntd *%%%%% 
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TTCT>AT*OC»C»C C T CifW.r r A *»TCCC fi lM M > rin6« CI H>. CTCCT aumn 40 
T ATACCTrCCA<aCCAATCTCACCTCTTtyZAAAAACAfiCCT£t.Ul . IT m TCACTAATAC UO 
«^«"CTAAA?«CCCCTTACCCT«^^ Uo 

^ ». . L_LJf. «» »J» « I A C 0 » L t 

^^»"*' ^ reCAAAACCCCOCTACTOACCA<KCTr.aMAAG C CrgA^ 3« 0 

cwtca^c^t^iaaa^ta^c^ca^^ uo 

j4o 

™CTCTGCA«TCW*A«TC^^ „, 

CCATGCCTtXKCCATAACCCAACCC<^^ 7 „ 

«^<^CT?CG?TcLiIac2c^ |<0 

"KCCCTCGTCTCXUA^TCCTGAAGG^^ M0 

CCTCATTGTTCCCAG^ 5<Q 

TTCTACTCTCCTTtXTCCCCACW loaQ 

tJH .BA U*Ai»f 0tLTO 
CCTO^CAACXATGCCTTAOJTt^rTT^^ U40 

TATTCACCCTATCCCTCACTTCTTCCTCAATACCCTtSCACCAAAAACCCCCAAACCCCCA 1J00 
CTTCACCTITATCATCAAACAGAACCCCA^TTCTCCTTCAGTCC u „ 

-^bcStctscSma^^ lJJ0 

AGCATTAAAAACXATGAA<^CCCCTCAAAA<X:GCCCTCAGACTtiATtl*CAAACCCAACAT 1440 
TCCCTCAtCCCCTACCCTTATCACCCCT 1461 



Charr 6 H.tur«X «C C.n. s«,u.„e.. 
XXI 

Stt« at BUHX ilt* Introduced In US 
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Table 1 



DAHP Synthetase and Prephenate Dehydratase 
Activities of HW77 Carrying Various Phe 
Plasmids . 



5 



25 



30 



PLASMID 



PREPHENATE 
DEHYDRATASE 



DAHP 
SYNTHASE 



HW77 alone 
10 pME214 
PME208 
pMH19 
pME202 
pME219 

15 pME170 
pME171 
pST35 
pME237 
pME238 

20 pAT153 



ND 
19 
36 
141 
705 
491 
290 
372 
546 
240 
209 
3 



ND 
65 
49 
324 
1145 
694 
4505 
3570 
7433 
3146 
3420 
34 



HW77 was transformed with the plasmids 
indicated. Each strain was grown to OD 600 1.0 
in minimal medium supplemented with 0.5% 
casamino acids. Cell extracts were then 
prepared and used to assay the activities of 
prephenate dehydratase and DAHP synthase. 
Prephenate dehydratase activity was measured 
in the presence of L-phenylalanine. DAHP 
synthase activity was measured in the absence 
of feedback inhibitors and so represents the 
total DAHP synthase activity. Enzyme 
activities are expressed in mU min~ mg 



35 protein -1 . 
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The three plasmids pME171, pME170 and pST35 
were introduced into the tyrA organism HW77. Cross- 
feeding experiments on these strains (Table 2) showed 
that the plasmids pME170 and pME171 caused a significant 
5 production of L-phenylalanine. HW77 carrying pST35, 
however, grew very badly on minimal medium and as a 
consequence showed very little cross-feeding, it 
appears that a high level of FBI R aroF is deleterious to 
the cell and that lower levels of the enzyme are 
10 required for optimum L-phenylalanine production under 
these conditions. 

Example 3 

15 Composite plasmids which include a transcriptionally 
deregulated pheA gene. 

The plasraid pJW2 carries the FBI R pheA gene 
transcribed from the synthetic promoter. Plasmid pME227 
20 carries a FBI R aroF gene transcribed from its own 
promoter and ending with the synthetic terminator 
sequence described above. Both plasmids are based on 
the multicopy plasmid pAT153. An EcoRI fragment carry- 
ing pheA was constructed by the addition of EcoRI 
25 linkers to an EcoRI-BamHI fragment of pJW2 carrying 

pheA. This fragment was then cloned into the EcoRI site 
of pME227. The resulting plasmids carrying pheA trans- 
cribed in both orientations relative to aroF were desig- 
nated pM£238 (divergent) and pME237 (colinear). The 
30 DAHP synthetase and prephenate dehydratase activities in 
strains carrying these plasmids are given in Table 2. 



35 
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Table 2 Cross-Feeding Experiments on HW77 Carrying 

Cloned Genes Pertaining to Phenylalanine Production 
(Phe Plasmids). 

HW77 was transformed with all the plasmids 
described in the examples section to give the strains 
listed below. The relative extent of cross-feeding 
after 24 hr and 48 hr is indicated. 



10 



15 



20 



PLASMID 



CROSS-FEEDING OBSERVED 
24 hr 48 hr 



25 



HW77 alone 

pME214 

PME208 

pMH19 

pME202 

pME219 

pME170 

pME171 

pST35 

pME237 

pME238 

pPT112 

pAT153 



( + ) 

++ 

++ 

+++ 

+++ 

++ 

++ 

++ 

KG 

NG 

NG 

++ 

( + ) 



++++ 



+++++ 

+++++ 

++++ 

++++ 

++++ 

< + )* 
( + )* 

< + )* 
+++ * 
+ 



* Some cross-feeding observed but from what were 
obviously a few mutant colonies that had managed to 



30 grow. 

NG = no growth 



Both plasmids when introduced into HW77 (ATCC 
13281) prevented the strain from growing on minimal 
35 media. Again this is probably due to the excessive 
expression of FBI* aroF. As a result of this neither 
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AFXMXTAAFADPX L G L 

GGATCCreCTI^tCTrTGAGAACATTACra 40 

AOLPXAOXXFGKtMLGXGVY 

CCGATCT O i mGllX CGATGAACGTCCCGGCAAAATTAACC^^ 120 

XDCTGITFVLTSVKIAKOYL 

AAGATGACA C C CO CAAAACCCCGOTACTGACCAGCGYGAAAAAGO C T^^ 180 

LXHtTTXWYLGXDGIFXFGX 
TCOAAAA*CAAACCACC>AAAATTACCTCGGCATT«ACGGCATCCC^^ 240 

CTQCLtrGXGSALXMDKXAX 

GCACTCAGCAA CIOCXOI I T l^ AAAGGTAGCGCCCTGATCAATGAaiAACCTGCTC G CA 300 

TAOTFOGTGALXVAADFLAX 

C<^C*gACTCCGGGGCCCACTGGCCCACTA^^ 340 

NTSVKXVWV3HFSVFXIKSV 

AtACCAGCGTTAACCCTCTCTCGGTCACCAACCCAACCTCGW 420 

r h s a clcvxcyayyoaxnit 

TTAACTCTtXA<MTCTCGAAGWCGTCAATACCCTTATTAT^ 400 

LOPOAtllfSLIflAOAGOVVt 
TTCACTTCGATGCACTGATTAACAGCCTGAATGAACCYCAGGCT 540 

rBGCCHHFTGXOFTtlQMQT 
TCCATGGCTGCIGCCATAACCCAACCGGTATCGACCCTACGCTC 600 

LAQtSVfKCHLFCFDFAYOG 
TGGCACAACTCT^CGTTGAGAAAGGCTGGTTACCGCTGTTTGACTTCG 460 

PAXGLCCDACGLtArAAMHX 

TTGCCC G TG C r C IT SG AACA A GATGCTGAACCACTGCGCGCTrTCGCGGCTATOCATAAAG 720 

* t IV A SSYSXNrGLYXCXVG 
AGCTGATTCOTGCCACTCCTACTCTAAAAACTrrGtt 780 

ACTtVAADSETVDXAFSQHK 

CTTGTAC1CTCC1 1 6C TGCCGACAGTGAAACCGTTGATCGCGCATTCAGCCAAATGAAAG 840 

AAXXAHYSItFFAHGASVVAT 

CGGCGATTCSCGCtAACXACTCrAACCCACCAGCACACCGCG Cl ICiUl lUrri CCACCA 900 

ILSNQAt,XAXMgQELT0HX0 
TCCTGAGCAACGATGCCTTACGTGCGATTTGGGAACAAGAGCTGACTG^ 960 

RIQRHXOtfVlfTtgeitGAMt 
GTATTCACCGTATGCGTCA G TT G TT CC X IZ A ATACGCrCCAGGAAAAAGGCGCAAACCGCG 1020 

0 t S T IIIOMGRrS rSGLTlCE 
ACTTCAGCTTYATCATCAAA C AGAACCCCATGTTCTCCTTCAGT^ 1080 

OVLRLRSCFGVYAVASGXVN 

AAOTGCTGCGTCTOCGCGAAGACTTTCGCCTATATCCG G I I O C XTC IVO r C CCCTAAATC 1140 

VAGXTFDHKAFLCXAI V A V t • 

TGGCCGOGATCACACCAGATAACATGCCTCCGCTGTCCGAArc 1200 

AAGCATTAAAAACAATGAAGCCCGCTGAAAAGCGGGCTGAGACTtLATGACA 1260 

B9IH 

TTGCCTGATGCGCTACGCTTATCAGGGAGATCT 1293 



Chart 7 optiaiMd aapc s#qu«nc*. 



\ 



PCT/US86/01353 

WO 87/00202 



- 26 - 



^£cacattttctgaao^ " 

CCG U 1 rCCCCl 1 L X X C AAAACCACCTCCAATTrTXTrTrCACAAAAAA C AXACCOCTCT 180 
TCAACJUrrCTCtJUUU^TAAAAA A Kfi AATGCXTIAAAACATATTTtXAAAGACCGATATCA 240 
C^TCAAAAACAATCIWCT^^ 300 
GOUUWCAAAATTJJlTWGATCAAAAA^ 360 

XCCyUj^yUWCTCCCCJ^ 540 

GCCTGTACACTTGCGTCCTCOITAC^^ "° 

GATTCTCXATCXTCTCATCACCCXTCCCGO C * HVt TCGTCTTAATCCACGATAT 780 
TTATGCXACCTCCCCXCA^^ m 
TCAATYGGTIUU^AT^^ "° 
TCACTACAAAOCOCCATATCGOCG lVl ITCTTl I CCAAGAAAA T ATACCGAAAATCCTAC MO 
TTCTTAAAAATTCCt^TATTTATACAACATCXTAT^^ *«° 

aw «aaacaacLuu[ac^^ 1080 

r rf»HSAAAAXtlt»CTL«Ot 

TTTOAATGGTACATGCCCAATCACCTCCAACAT^^ 1200 

* laEBGX TAVWI FFAYKGT3 
TATTTCMCTCAACACCCTATrA<^ ^ 26 ° 

CA^(»TCTCCCCTAC(WTCCTTACCXCCTTrA^ 1320 
rTV aTlTCTKCCLQSAI * 3 t 

u s t D I « V Y C OVV I » « * GCA O ~ 

»TT«C«^»JIcGTTTACa5CCATCT^ "40 

ATCOVTAVBV0FAO«M«* X$ 

CCCUCCCAACATCTAACCC^tMTTCAACTCCATCCC^ "00 

C^XGAACACCTAAYTAAA^ lM * 
XGCcXtTTTAAATGCCMTCCTACCATTT^ 1820 

CTCAACCG^TCTATAAGTTYCAAGGAAAGG^ 1«80 

f-HVDYLHYAOZOYOBFDVAA 
CGaJcTATCATYATTTGATCTATCCCG^ 1'*° 
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CAJU^WJU^CJfcCATOCCCCACTTIMTXTCCCiUltCAACTOCAATTCCACC C 1 1 rCCSTCTT 1100 

DAVKXXXrsriXDWVNNVXC 

GATGCTGTCAAACACATTAAA tTTTCTTTTT f G CCCCATTCCCTIAATCXTCTCACCCXA 1160 

KTCKCH FTVAlYWQMDtCAt 
AAAACGCCCAACGAA ATCTTTAOSGTAGCTCAAtATtCOCACA^TCACTTOCGCGCGCTO 1920 

C N Y L N X T W f MIS V f 0 V f L X Y 

GAAAACTATTTGAACAAAACAAATTrTAATC ATTC A O tCT i IGACCT6CCCCTTCATTAT 1910 

QfHAASTOCCCYOMUKLLMC 
CACTTCCATCCTCCATCGACACACCCACGCCCCTATtlATATCACCAAATTCCrCAACCCT 2040 

TVVfXHFLXSVTrvOWXDTO 
AC GGTCCTTTCCAAGCATCCCTTGAAA X CGC T r A CATTTCTCCATAACCATCATACACAC 2100 

F G 0 5 CSTVQTWfEFLAYAf 

CCCCOCCAAT CCC fTl*ACTCGACfCTCCAAACATGCYTTAACCCCC 1 fCC 1 ' t ACCCTTTT 2110 

ILTEtfCtrOVfYCOHYGTI 

ATTCTCACAACOCAATCTCCATACCCTCACCTTTTC T A C tXWG^ 2220 

GPSOXXXfAtXXXXXFttXA 

CCACACTCCCAGCCCCAAATTCCTKCTTGAAA C ACJUUUiTTCAAC CCATCTf AAAACCG 22IO 

xxoYAYGAQgDYroiaorvc 

ACAAAACACTATGCGTACGCACCACAGCATGATTATTTCGACCXCCATCACA 2340 

WTXKGOSSVAMfGLAAL ZTD 

TGCACAAGGCAACGCGACAGCTCGGTTGCAAATTCAGGTTTGGCGCCATTAAT^ 2400 

GXGGAKXHYVGXOKAGXTWX 

GGACCCGGTCGGGCAAAGCGAATGTATGTCGGCCGGCAAAACCCCGGTG^ 2460 

OXTGMXSXFVVIMSXGWGXF 

GACATTACCGGAAAC CGTTCGGAGCCGGTItSTCATCAATTCCGA 2520 

HVIIGGSVSXYVOX*** 
CACCTAAACCGCGCG TCGOl 1 ICA ATTTATGTTCAAAGAtACAAGAGCACAGACGACGCA J 580 - 

TTTCCTGA A CCAAATC CCT rTTTTTATTT I G CCCGTCTTATAAA 1 rrCTI IC ATTACATT 2«4« 

rrATAATTAATTTTAACAAACTCTCATCAGCCCTCACGAA^ 2700 

TC6CATAGGTAAGCCG<K5GATGAAATGGCAACCTTATCTCATCTAGCAAAGA 2T60 

GTtrrCGAAAATGACCGTATCGCGGGWTCAATCATCCT<y^^ 1520 

Minoxix 

AAAAAGCTT 2129 



Chart 8. Natural amylase gene sequence. 
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■X BEO0«*ttAB fc t * L t f 

GGATCCtaUtaCATCAAACAACAAAAACGgCTTTACCCCC^ iAA 1 re 00 

CCC^TCrrCTTCCttXCTCXTTCTCCACCXCC^ 1« 

HOTfE»*»»HPO01W« * t> O » 

TCCACTXTTTTt^ATCCTXCXTCCCCAATCXCWCXAC^ HO 

D5ATCACSCI TAVWXFfAYI 

XCTeCCCXTATtTCGCTCJU^aiCCCTATTACtCCCCTCrCGXT rC C CC CGg CATATAACC 240 

CTSOAOVGTCXTOtTOLC t f • 
CAACGACCCAACCCCATCTCGCCTACCCT^CTTACCACCTTTAra 300 

C L O S A I 

ATCTCCCATCA 310 

K S LIS BO X H V Y G D V V X 

AAACTCTreATrCCCCCGACArtAACCTTTACCCCCATCTCCTCAT ^^ 420 

CAOAtIPVTAVKVa»AD BllB 

GCCCTCUtCCCACCGAAOATCIAACCCCOCTtC^^ 4t0 

VXSCtBtXKAWT B f B T f C B O 

tAATTTOiGGAGAACACCIJUiTTAAAGCCTCGACAW 540 

STYSO fBVBMYBfOOTOWDB 

GCACATACAGCGATTTTAAATCGCATtGGTACCATTri^ «00 

SBBLUBX YBFOCIA WDW B V S 

CCCGAAAGCTXJAACCOCATCTATAACTTTCAAGG^ 

BtBCBYDYUBYADIDYDBFO 

ATGAAAATCCXAACTATCATTATTTCATCTATCCCGACXTCCA^ 720 

V A A f I EBWCTWtA MBL.OtOC 
TCGCAGCACAAATTAACAGATCGCCCACTTCCTATCCCAATGA 710 

FBLOAVBBX BFSFLBDWVBB 

TC CCYC1 IC AT GCIG X C AAACA C ATtAAA A rTTCTTTTI I C CGGCATTGGGTTAATCATG 140 

V B BBTCBBBfTV ACT F* Q If D L 
tCA C CC A AAAAA CC CCGAAXMAA AT GTTTACCGTACCTCAAY^ 900 

CAtBBYtWKTMrKUSVrOVr 

ccccccrcgAAAACTATrTj » *r * r * > ATTTTAA-fgjLTTeAtfKrrrTSAesTCcese 9$o 

L H YOf BAASTOOC CYOH R K t 
TTCATTATCACKCCATCCTCCATCCACACA<XX*ACCCCCCT/ .G % caTGAGOAAATTCC 1020 

LMCTVVSB-BftBjrTfVOBB 
TSAACGGTACCGTCCTTTCCAAGCATCCGTTGAAATCC^TTACAT^^ 10*0 

OTOrCOSLlSTVQTWfirLA 
ATACACACCCGGCCCAATCGCTTCAGTCOACTCTCCAAA^ 1240 

TAPXLTB«S6TF0VFYG0HY 
ACGCTTTTATTCTCACAAGGGAA TCTGCATACCCTCACOTTTTCTACGGGGATATCTACG 1200 

CTBCOSOBBXPALKMKXCPI 

1^CSAAA<K^f«ArT*^ A ^'^^ A ^ A' ffCAACCCATCT 1260 

LKABKOYAYCAQBDt F D BSD 

KTCCCTACCGACCACACCATCArtATTTCGACCACCATCACA 1320 
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ZrOGreCAtftMYVGlONAGI 

TAACA/GACCCJ^CCCTOCSGCAAAGCCMTCTATSTCCGCCCGC^^ 1440 

TVXOITGNXSCtVVXNStGW 
CXTGGCATCACATTACCOGAAACCCTTCCCXGCCGCTtGTCXTCAATTCGGAAGGCTGGC 1500 

GCrMVMGGSVS I Y V Q 1 ••• 

GA^A^rrTTCACGTAA A^ GC C CCCTCCCTTTCAATTTAfOTTCAAAGATACAAGA CC ACAC 1540 

AOGACOGA I I rCCTC AAOGAAA TCCOTT rTTTT X TTI tC CCCGTCTTATAAA l rTCTTTG 1120 

ATTACATTTTAtAATTAATTTTAACAAAGTGTCATCAOCCCTCAGGAAGGA C f TGCTC AC 1000 

ACTTTGAATCGCATAGGTAAGCCGGGGATaUUttGGCAACGTTATCTCAOT 1740 

AAGCAAATGTGTCGAAAATGACCCTATCGCGGGTGATCAATCATCCTGAGACTGTCACGG 1100 
•OSMf 

ATGAATTGAAAAAGCTCCCGATCC 1124 



Chart 9. Optimised amylase sequence. 



WO 87/00202 



PCT/US86/01353 



- 30 - 

strain gave significant zones of cross-feeding on 
minimal plates seeded with a phenylalanine auxotroph. 

Example 4 

5 

A semi-synthetic operon construct. 

In this example the pheA and aroF genes are 
combined into a single transcriptional unit. The 

10 plasmid pJW2 carries the pheA gene transcribed from the 
synthetic promoter. The mutant BamHI site downstream of 
pheA was used to clone the aroF gene carrying a BamHI 
site in its ribosome binding site. Finally, remaining 
tyrA sequence was removed by the addition of a synthetic 

15 terminator. This plasmid pME202 carries a semi- 
synthetic operon on an EcoRI - Sall fragment of 2,400 
bp. To further increase the utility of this fragment a 
derivative of pME202 was constructed that carries an 
EcoRI linker at the Sail . site (pME204). Table 3 indi- 

20 cates the approximate numbers found. The plasmid pME202 
{ATCC 53136) was introduced into a number of strains and 
the levels of DAHP e/ntheLase and prephenate dehydratase 
determined during growth on a number of media. One 
example of these levels is indicated in Table 1. It is 

25 clear that the plasmid -j? »*es overproduction of the two 
activities and a comparison of enzyme levels during 
growth in the presence and absence of phenylalanine 
confirms that expression of the two genes has been sub- 
stantially deregulated. 

30 



35 
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Table 3 Plasmid Constructs Using the Phe Operon from 
pME202 at various copy numbers. 



10 



Rl_P_****pheA****_****aroF****_T_Sl pME202 



EcoRI linkers cloned 
at Sail site- 



Rl_Pj****pheA***^****aroF****_T_Rl pME204 



15 



Phe operon now carried on EcoRI fragment "cas- 
sette". This fragment was recloned into the following 
vectors: 



20 



pBR322 to give pMH19. 
pLG388 to give pME208. 
RP4 to give pME214. 
(pAT153 to give pME204), 



"Copy number approximately 50. 

Copy number approximately 10. 

Copy number approximately 2. 

Copy number approximately 100. 



E.coli HW77 carrying pME202 was tested for L- 
phe production in cross-feeding exjeriments (Table 2). 

25 Extremely large zones were obtained in contrast to the 
untransformed controls. This demonstrates the advantage 
of being able to coordinate the expression of the two 
genes in the operon construct. The level of FBI R aroF 
product is now acceptable to HW77 growing on minimal 

30 medium. 



35 
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Example 5 

Utility of the semi-synthetic phenylalanine operon con- 
struct in assessing the effect of varying plasmid copy 
5 number . 

in order to ascertain the effect of copy num- 
ber on expression the EcoRI fragment from pME204 that 
carried the aroF pheA operon was recloned into the fol- 
io lowing vectors: pBR322 (copy number 50) to give pMH19, 
pLG338 (copy number 10) to give pME208 and RP4 (copy 
number 1-3) to give pME214. These plasmids were intro- 
duced into, the tyrA strains HW77 and HW760 and the 
resultant transformants tested for their growth on 
15 minimal medium and L-phe productivity in cross-feeding 
experiments. The results of these experiments are sum- 
marized in Table 4. It was found that while the high 
copy number derivatives were clearly deleterious to the 
growth of HW760, HW77 could tolerate all the plasmids. 
20 Furthermore," the lower copy derivatives pME208 and 
pME214 did not prevent the growth of HW760. HW760 
carrying ,pKE21" or pME208 gave very large zones of 
cross-feeding. 

This example serves to indicate how the 
25 optimum expression level can be attained by varying the 
copy number of the pheA aroF operon through judicious 
choice of vector . - . 



30 



Example 6 

Extending the host range of the semi-synthetic phenyl- 
alanine operon. 



The EcoRI fragment from pME204 that encom- 
35 passes the pheA aroF operon was recloned into a number 
of broad host range vectors namely: 
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RP4 to give pME214 
pCT460 to give pME211 
pKT231 to give pME212 

5 Table 4 Growth of HW77 and HW760 Carrying Various Phe 
Plasmids. 



PLASMID GROWTH 





24 hr 


48 hr 




++ 


++++ 


pME214 


++ 


++++ 


PME208 


++ 


++++ 


pMH19 


++ 


++++ 


pME202 


++ 


++++ 


pME219 


++ 


++++ 


pME170 


++ 


++++ 


pME171 


++ 


++++ 


pST35 




( + )* 


pME237 




(+)* 


pME238 




( + )* 


pAT153 


++ 


++++ 




++ 


++++ 


pME214 


++ 


++++ 


pME208 


+ 


+++ 


pME19 




+ 


pME202 




( + ) 



30 * Essentially no growth but a few mutant colonies 
emerging. 

The strains were grown overnight in L-broth 
supplemented with suitable antibiotic where appro- 
35 priate. One microlitre of the overnight culture was 

then streaked onto minimal agar supplemented with SO ug 
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ml"" 1 tyrosine and any relevant antibiotic. Growth was 
scored after 24 hr and 48 hr. 

These plasmids were then introduced by trans- 
formation, conjugation or mobilization into a variety of 
5 strains and L-phe production detected by cross-feeding 
of an E.coli L-phe auxotroph. Table 5 details the 
various organism/plasmid combinations and the cross- 
feeding observed. Significant cross-feeding was 
observed with a number of organisms including 

10 pseudomonads and facultative methylotrophs. 

In principle this approach to deregulating a 
pathway by simply introducing such an artificial operon 
-on a suitable plasmid could be extended to almost any 
microorganism that had beneficial characteristics. 

15 Expression would probably have to be reoptimized, e.g., 
for Gram positive organisms and this would entail 
alterations to the synthetic promoter and the various 
ribosome binding sites. Such an undertaking would be 
greatly facilitated by the modular structure of the 

20 operon and the presence of- restriction sites in the 
Ribosome binding sequences. 

Example 7 

25 Extension of the operon - incorporation of the gene for 
alpha amylase. 

The modified alpha amylase gene is flanked by 
a B*mffT site in the Ribosome binding sequence and a 

30 BamHI linker in the Hindlll site downstream of the 

gene. The BainffT fragment carrying amy was cloned into 
the downstream BamHI site in pME202 to give an artifi- 
cial three* gene operon. (pPTll 2) deposited as ATCC 53139, 
see Chart 11. This plasmid was transformed into HW77 

35 and its growth on starch investigated. A comparison of 
the growth of HW77/pPT112 on starch and glucose revealed 
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that there was little difference between growth rates in 
starch and glucose, but growth on starch was subject to 
a much longer lag phase , see figure 2* 

A fermentation performed on HW77/pPT112 grown 
5 on 50g I" 1 soluble starch revealed significant accumula- 
tion of L-phe (figure 3). Fermentation conditions were 
as described in example 10 except that glucose was not 
included in the initial medium and a sugar feed was not 
used. The soluble starch was batched into the fermenter 
10 at 50g l" 1 prior to autoclaving. 

Table 5 Use of Phe Operon on broad host range plasmids 
to enhance L-phe production in other genera, 

15 Plasmids: pME202 Phe operon in pAT153 - see text. 

pME204 As pME204 but with EcoRI linker at 
Sail site. 

pME211 Phe operon from pME204 cloned at 
EcoRI site of pCT460. 
20 pME212 Phe operon from pME204 cloned at 

EcoRI site of pKT231, transcribed - 
Hindlll 

pME213 Phe operon from pME204 cloned at 

EcoRI site of pKT231, transcribed - 
25 str . Phe operon from pME2 04 cloned 

at EcoRI site of RP4/ transcribed 
towards Hindlll site. 



30 
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HOST 

pME202 pME214 pME211 pME212 pME213 



5 E.coli + 

E. intermedia 

S.marcesens 

S.typhimurium + 

Ps.fluorescens 
10 Ps.putida 

Facultative Methylotrophs: 

Mycoplana rubra 

Pseudomonad spp. 

Methylobacterium 
15 organophilum 

Ps.extorquens 

Vibrio extorquens 

+ Production of L-Phe caused by introduction of plasraid 
20 as detected by cross-feeding experiments or by TLC 
analysis of shake flask media. 
- No L-Phe production detected in response to plasmid. 
Remaining host/plasmid combinations were not tested. 

25 E xample 8 

Extension of the operon - Incorporation of the aspC 
gene. 

30 The artificial pheA aroF operon was further 

modified to include the gene for aspartate amino trans- 
ferase ( aspC ) as follows: pIF18 which carries the aspC 
gene flanked by a BamHI site in the ribosome binding 
site and a Bglll site downstream of the gene was used as 

35 a source of the BamHI-Bglll fragment encompassing 

aspC . This fragment was then cloned into pME202 that 



+ + + + 



+ + + 

+ + + 

(grown on methanol) 

+ 
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had been partially cleaved with BamHI to give a deriva- 
tive pME219 (deposited as ATCC 53138) that carries the 
aspC gene downstream of aroF so as to yield a three gene 
artificial operon (chart 10). When introduced into HW77 
5 this plasmid caused L-phe production as detected by 

cross-feeding. Analysis of cell free extracts revealed 
elevated levels of aspC activity (Table 6). 

Table 6 Phenotypic Effect of pME219. 

10 

pME219 was transformed into HW77 to give HW1058. 



Strain 


Plasmid 


Aspartate 






Aminotransferase 






Activity U mg" 1 


HW77 




604 


HW1058 


pME219 


1913 



The strains were grown to O.D.g 00 in glucose minimal 
medium supplemented with 0.5% casamino acids. 

The benefit of this construct is that the 
plasmid not,only deregulates the phenylalanine pathway 

21 but also yields elevated aspC levels. This has utility 
in that an L-phe fermentation can be supplemented with 
chemically synthesized PPA along with aspartate or 
glutamate to increase L-phenylalanine titres. Such a 
hybrid f ermentation/bioconversion has advantages that 

30 include greater ease of L-phe isolation and higher L-phe 
productivity. 



35 



1 
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OC>AOiCIAtC^T CCa WA CXfq T»CaCCCq^ 120 

DSBLLALlAIBBB L A V I V 0 I 

ATCAAAAATtATTA<XGTCACrgGCAGAACSCCSCOA^ 1*0 

ABttiBBFVBDX p > « mo fcfc * 

» LI t L 0 I A ■ ■ t o * 1 T I * t t r 

CATTAATTACGCTCCCTAAAOCCO^COttCTOCACSCCCXT^^ 300 

OfcXIlOlVLTOOAttOOtt* w 

AOCTCATCXTTGXAGXrrCCCTATTAACrCACCXCC C 1 1 IGClCCA ACAACATCtCAATA 310 



tAAKOyAABSrSQfXBtCeA 

TTCCCOCCCCCCfcCTATCCTGCCCGTCACtTrCAGCA A ffC XW 400 

K F A D X F ■ 

A AX I :OCCG AtAtTTTTAA» 

XBWTBSOAIMDVtDtfcO*** 
TT C AAAA T A CC XC CT CCOCTCCCAtAAACCACSTttACGAtCTCCW «00 

LSXVCtHTLTXDBCLL V IP * _ 
TCTCCATXCTrCCCSACAtCACCTXAACtAtCSACCAT I Ct 1 r OWCCTCTC CCCC ACT A f CO 

TOtSTtMTVYS- ■FOtFQOC* 
CTGATTtATCCACCATCAAtACSCTCtACACCCAgCCSCACCCATTCCAC^ 720 

BFLHBYFBWBXBYTBSTSAA 

AATTCCTTAATCCTTATCCGGtCTCGAAGACTCAATATACCCAAA 700 

KBBVAQAKSFBV A A E_ G J I A O 

YGCAAAA<»TT C CA a iOSCAAJUlTaiCCCC A XWTT W 040 

OTLTCtOVtt*XfAIIO»0»f 

CCACTTrGTAtBSTTTCCAGCtACTCCACCgTATTCAAG 900 

T*FVVtABBAX»V0DQVFAI 

CCCCXTTTWCTCTTOCCCCCTAAACCCAT^^ 9<0 

*e^iLnAArasra*c 1020 

LBKBttLXXTBbESBFXBGNF 

tCCCCAACCACAA^CTGATTAtCACCCCTCTGOAAtCACGCCCGATT^ 1010 

MBSFWBIBFTtOtOAMLCSA 

CGACATCTCCAT C CGAA CACA'XC fT C t ATCTOOAXATTCACOC C A ATC I t GA AtCACCSC 1140 

tltQIALttLGSXTXSItXVLG 

AAAT CC AAAA A GC AT TC3UUU5ACTTAC£OOAAATCACC 1200 

CYFSfW VVFVOFT •••••• II 

GTtA4?CCAACT C ACAA CC TA C I O C C T C TT CA TCCAACCXCATGAAAACCXtCCCCXTCAT 1210 

OKOALMMVBX TOSQVLItTFS 
CCAAAAAGA CGC C CT eAATAACCtACAtATTAC CG A CS AAOC CT TtW 1320 



KSXSOXXACBOFBbtVVCGF 

TAAAACCATTTCACAtATtATCGCCCCCCCCSAI CCtCGTCTCCTG CIAGTATCTCGTCC 1440 

CSXBDFSTALBTABBFKALA 

I r C rtC CA TTCATGATCCGCAAACIt X r C X S CAATXTCCTCCTCCATTrAAAC CCC H O C 1500 

ABVJOStttVMlVtFBIFBT 

CCCACACCTCA<XCATACCC?CtAtCT«TAAXCCCCCTCTATm 1900 
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TVGVKQIXBDFBNO 0 j F D V C 

C»CTCTCCGCTC63UUtfC(reiUWraU^ * * JttATGtAGA 1*20 

A 0 L Q X AXXLLLBLVBBGLFL 

AGCCCGGCTCCACATCCCtXGTAMTYGCra 1«0 

ATBALDFBIFOYLGD L F S W I 

CWCCACGGAJWCTTAGATCCGAATAGCCCGCAATACCTGGGCGATCTCTra 1740 



MfVOrXX GTOGtLATAXXAK 

CATCCCCCtTCCtTrMUUUU kCe cC ACe CX C OOaWTCTCC 1140 

BAAAOFBBFVGX 

GCCCGCCCCCCCCCAGCCCCACCCTTTTCrrtWCAT 

LOTOOMtOQIVILtOaXArH 

GC?ACAAACTCACGGGAATCCGGA(MCCCATGTGATCCTGCGCW 1«0 

T S FADVAQCBXBHBQAG 1 K F 

CTATACCCCTCCCGATGTreCGaUtTGTGAAAAACAGATCCAACACGCCGCACTGCGCC^ 2040 

fLBVDCfBOBiBXDYXXOFA 

GTCTCTGAyWTAGATTGCACCCA C COTAATTC C AA T AAAGATtATC^ 2100 



XBStfXBBGtfQSIBQFXfBHK 

CATCGAAAGTAATATCCACGAOGGCAATCACTI^TCCGAG^ 2220 

YGVSVTDACXSWBKTO A L L X 
ATACCCTCTATCCCTAACCt^TGCCTGCATtAOCrCCCAAATGACCGATGCC rfGCTCCG 2280 



B X BOOtSOQtTAXVA 
TGAAATTCATCAGGATCTGAACGGGCAGCTGACGGCTCGCCTCGCTTAATGAGW 2340 

KFBIIITAAFADFXLCLADL 

GTCAWTTTCAGAACATXACCCCCCCTCCTCCCCUCCCCATrCTCCCCCTGCC^ 2400 

rXADBXFGXXMLGXGVYXDB 

TTTCGTGCCGATGAACOTCCCGGCAAAATTAACCTCGGCAr'X'O ti VG I' C T A TAAACATttAC 2460 

TGXTFVtTSVXXABOTLfcBN 

ACGGGCAAAACCCCGGTACTGACCAGCGTGAAAJUtf5GCTGAAaU»ATCTG^ 2520 

EfTXNYLGXD GXFBFGXCTQ 
GAAACCACCAAAAATrACCTCGGCATTGACGGCATCCCTGAATTTGGTCGCTGCACTCAG 2560 

BttFGXGSALXBOXXAXTAO 
GAACTGCTGTTTGGTAAAGGTAGCGCCCTGATCAATGACAAACGTG CTCGCACGGCACAG 2640 

TFGGTGAtXVAADrtAXMTS 
ACTCCGGGGGGCACTGGCGCACTACGCGTGGCr«CGATTTCCTGGCAAAAAATACCAW 2700 

VXXVWVSHFSWFBBXSVrifS 
GTTAAGC GTGTGTCGGTGAGCAACCCAAGCTGGCCGAACCATAAGAGCGTCTTTAACTCT 2760 

AG L BV X IYAYYDABNHT L D F 

CCAGGTCTCGAAGTTXGTCAATACGCTIATTATGATCCGGAAAATCXCACTCT^ 2620 

DALX HSIMXAQAGOVVLFHG 
GATGCXCTCATTAACAOCCTGAATCAAGCTCAGCCrGGCGACCTAGTGCTGTTCCAT^ 2880 

CCHMPTOtDFTtXOWQTtAO 

TCCTGCCATAACCCAACCCGTATCGACCCTACGCTGGAACAATGCCAA^ 0 

LSVBKGWLFLFOFAYOGFAX 

CTCTCCGTTGAGAAAOG CTCGTt A CCOC fGI 1 f G ACTTCGCTTACCAGG G 1 1 1 fC CCCGT 3000 

GCBCOAXGLXAFAANBXCLX 

GG TCTCGAAGAAGATGCTGAAGGACTCCGCGCTTTCGCGGCTATCCATAAAGAGCTGATT 3060 

VASSYSKHPGLYNBXVGACT 
GTTGCCAGTTCCTACTCTAAAAACTTTGGCCTGTACAACGAGCGTGTTGGCGCTTGTACT 3120 
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c^e^c^ 31.0 

( *J^ tJ Z e £ a Z t lU^ 3J40 

J " a » TO ^ I | lu: ^ c ^^ 3300 

^^IqJ^akJ kg Sc* ^ ^ 3420 

ckcSc^cci^^ 3480 

yXGCTMBCTTXTCAG ^ " 1 1 gXTCTCCXC 3659 

Chart 10. Sequence of the pheA aroF aspC 
operon in pME219. 
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CA ATTCTTTTTTGTl ^ CAGCGTGAAAACACTACGGGTATAATACTAAAGTCACAAAAAG 60 

MTSSMPLLALftXKXIALD 

GCAACACTATGACATtrGGAAAACCCGTTACTGGCGCriX^ 120 

C XLLALLAftXIBLAVBVGXA 

ATCAAAAATTATTACCGTXXCTGCCACAACGCCCCGAACTGCCCGTCCAOCTOCCAAAAC 110 

XLI.SaftrVSOlOKtltOt.LBK 

CCAAACTCCTCrC G CATCGCCCCCTACCTGATATTCATCCTGAACGCGA I T I tSC I O GAAA 240 

L I TLGKABMLDABYXTftLFQ 

GATTAATTACtKTCGCTAAAGCGCACCATCrGCACGCCCAra 300 

LX X tDSVLTQQALLQOBLMX 
ACCTCATCATTGAA(MTTCCCTATTAACTCACCACGCTTTSCTCCAACAACATCTCAATA 360 

XNFHSAftXArLGPKGSYSHL 

AAATTAATCCCCACTCACCACCCA ICGCU ll ll COGCCCCAAAGCTTCTTATTCCCATC 420 

AAftOYAAftBPCQPXSSGCAK 

TTGCOGCCCGCCJUTCATGCTGCCCGTaiCTTTCACCAAT^ 410 

TAO X PMQVETGQADYAVVFX 
AATTTGCCCATAX 1 1 1 lA ATa^GCTCCAAACCSCCCACCCCSACTATGCCCTCCTACCGA 540 

E H T 3 SGAX MDVYOULQHT3 L 
TTGAAAATACCAGCTCCGGTGC CATAAACGACGTTTACGATCTGCTGCAACA7ACCAGCT 600 

SXVOBKTLTXOHCLLV3GTT 
TCTCGATTCTTCCCGACATCACCTTAACTATCCACCA I T CI I I K. 1 l ltOl L 1 CUU CCACTA 660 

OLSTXtfTVYSHfOrroOCSX 
CTCATTTATCCACCATCAATACGGTCTACAGCCATCCGCAGCC^ 720 

riNXYPHWKXEYTESTSAAX 
AATTCCTTAAT CC TTATC CCCKCTGGAAGATTGAATXfACCGAAAGTACGTCTGCGGCAA 780 

EKVAQAK5FBVAALG3EAGG 
TGGAAAACOTTGCACAOGCAAAATCACCGCAI G T rCCTGCC 1 IG GGAAGCGAAGCTOCCC 140 

TLYGLQVLCftXBAIIQIIONPT 

GCACTTTGTACGGTTTCCACGTACTGGACCGTATTC^ 900 

ftrvVLAHXAItfVSOQVPAKT 

CCCCATTX^TCXSTCTTGGCGCGYAAAGCCATTAACGTGTCTGATCAGGTTCCGGCGAAAA 960 

TLLHATGOOAGAtVCALLVt 
CCACGTTGTTAATGGCGACCGGGCAACAAGCCGGTGCGCTGGTTGAAGCGTTGCTCGTAC 1020 

ft N H N LXHTBLESKFI HGNPW 

TGCGCAACCACAATCTGATTATGACCCGTCTGGAATCACGCCCGAT7CACGGTAATCCAT 1060 

ft S PWEEHfYLDtQAHtESAC 

GGAGATCTCCATGGGAAGAGATGTTCTATCTGGATATTCAGGCCAATCTTC 1140 

KQKALXELGXXTRSHXVLCC 
AAATGCAAAAAGCAt^GAAAGAGTTAGGGGAAATCACCCGTTCAATGAAGGTATTGGGCT 1200 

YFSENVVFVDPT* H 
GTTACCCAACTGACAACCTA C I GCC X 1 5 TT G ATCCAACCTGATGAAAACGATCCCCATCAT 1260 

0XOALNNVHXT0CQVLHTP6 
GCAAAAAGACGCGC TGAATAACGYACATATTACCGACGAACAGGTTTTAATGACTC CCGA 1320 

OtKAAPBLSLOOBAQXAOSX 
ACAACTCAAGCCCGCTmCCATTGAC^CTCCAACAAGAA^ U80 

KS X S 01 XAGXDFXLLVVCGP 
TAAAAGCATTrCAGATA TTATCGCCGCGCGCGATCCTCGTCTGCTGGTAGTATGTGGTCC 1440 

CSXHDPETALEYAftftFKALA 

TOTTCCATTCATGATCCGGAAACTCCTCTGCAATATGCTCCTCGATTrAAAGCCCTTGC 1 500 

AEVSOSLYLVnXVYrEXPftT 
CGCAGAGGTCAGCGATAGCCTC7ATCTGG7AATGCGCG7CTATTXTGAAAAACCCCGTAC 1 S60 
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AI6A»tT*S0tH»t * A ' iifii M .f iiai 

C^iKLo^tcSc^ 19,0 
cJtJccJtG^W^^ 1040 

4rt^«wIcAISC^«*a^^ 2S20 . 

.•AsafiXTAVWlFVAYKCTS 
tItTTOXTcLca^ 2560 

OAOVCYCXYOttDLC C f_ B 0 * 
ciu^WT«WCTAC^^ 2640 

cSo^TCCCAauUkCt^^ 2700 
BS»OI»VYCOVVIM «KCCAO 

cItTCCC«*A^TTjJ^^ 27ftv 
ATeOVTAVCVOFAOIHRVIS- 

GCGACCGA^T«TMCCt*C^^ 2«0 

C t«LlKA»T«r ■ f» J J C S T Y 

COUUACACCTWirrAAACCCTC^^ 2880 

corKMBWYBFOCTOWOtSmi 

Jc^i^TCXXXTTGGTACCA^^ 2940 

LMJIIY*raGKAWDWeV3!lllt 
CTCAAC^TCTATAACTTtCAACGAAA^ 3000 

GMYDYLMYAOIOY08PDVAA 
(WCAJU^TCATTATTTCA^ 3060 

£1 »l«CTWYAIIELQLOGP * I 

<yUATTAAGAGATGGG«ACTT^ 3120 



WO 87/00202 PCT/US86/01353 



- 43 - 



OAVKIXXrSrtKDWVIflVlI 

GATCCTCTCXJJU^CXrrAAA 1 U 1CI U ! I IG CCWTTWTtXATCXTGTCACCGAA 3110 

KTCKtKfTVAfTWOMOt G A t 
AAAACGGGCAAGCAAATGTTtACGCTAGCTGAAtArrGCCAGAAT^^ 3240 

C M Y L N BTMFMMSVFDVPIHY 

GAAJUkCTATTTGAACAAAACAAATTTTAAT^TTCACItSTTTGACCTCCC GCTTCATTA? 3300 

OrHAASTOGGGYDHlKtlHG 

CAGTTCCATGCTGCATCGACACAGGGAGGCGCCTATGAt^ 3360 

TVVSXSPLBSVTFVOKBDTO 
ACCGTCGTTTCOUWGCATCCGTTGAAATCGGTTACAITTGTCGATAACCATGAtACACAG 3420 

FGQSlfSTVQTtffXPLAY A f 

CCGWSCAATCGCTTGAGTCGACWTCCAAACATGGm 3480 

ILTUCSGYPOVFTGDHYCTX 

ATTCTCACAAGGCAATCTGGATACCCTCA«TTrTCTACGG«GATATOTACGCCACGA^ 3540 

GOSQUCtFALKHXICFlLKA 
GGAG^TCCCAGCGCGAAATTCCTGCCTTGAAACACAAAATTGAACCGATCTTAAAAGCG 3600 

RKOtATGAQBOTFOHBD X V G 
AGAAAACAGTATGCGTACGGAGC^CAGCATGATTATTTCGACCACCATGAC^TTGTCGGC 3660 

WTBXGDSSVAMS O L A A L X T D 
TGGACAACCGAACCCGACAGCTCGCTTGCAAATTCACG^ 3720 

GFGOAXXIIfVGXOMAGCtMB 
GGACCCWTGCGCCAAAGCGAATGTATGTCGCCCGGCAAAACWCGCTGAGACATGGCAT 3700 

OXTGHBSKFVVXWSBGMG 1 f 
GACATTACCGGAAACCCTrcGGAGCCGGTI^CATCAATTCGGAAGGCTGGGCAGAGTTT 3040 

HVNGG3VSXTVQA* 
CACGTAAACGGCGG OICCGl 1 ICA A 1 I I A I G T ICA AAGATAGAAGACCAGAGAGOACGCA 3900 

TTTCCTGAAOGAAATCC C 1 FTTTI t ATTTTGCCCCTCTTATAAA 1 ITCT1 rG ATTACATT 3960 

TTATAATrAATmAACAAAClGTCATCAGCCCTaiGG^ 4020 

TCCCATAGGTAA C C C GGGGATGAAATGGCAA CUiTArC IC ATCTACCA A AGAAAGCAAAT 4000 

GTOTCGAAAATGACGGTATCGCGGGTGATCAATCATCCTGACAC^ 4X60 

aaaaacctccgcatcccgcccgattctacgccccgg : rrn ia tgtcgac 4 is o 



Chart 11 . Sequence of the pheA aroF amy operon 
in pPT!I2. 
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Example 9 

Application of phenylalanine operon plasmids to strain 
screening. 

5 

A total of 31 strains of E.coli , along with 
some other enteric species, were transformed with pME202 
and screened for both growth on minimal medium and 
cross-feeding of an L-phe auxotroph. The results are 

10 summarized in figure 4. Since the complete deregulation 
of pheA and aroF would take 5-6 rounds of conventional 
mutagenesis it can be seen that the composite plasmid 
approach has a very great advantage in terms of speed. 
The mutagenesis of 45 strains to this extent would con- 

15 servatively take ten man years to accomplish, and there 
would be no guarantee that the lesions would be directly 
comparable. Using the composite plasmid approach 
strains can easily be deregulated with identical lesions 
and put through initial screens in under two weeks. 

20 

Example 10 

Utility of Phe Plasmids in Fermentation.. , 

25 To examine the potential of strafnv carrying 

Phe plasmids for L-phenylalanine production we compared 
the productivity of HW1057 (HW77pME202) with HW77" in 10 
liter fermenters. 

Both strains were grown from a single colony 

30 in L-broth for 15 hr. The HW1057 culture was supple- 
mented with 100 ug ampicillin ml^ 1 . These overnight 
cultures were used to inoculate a shake flask containing 
the following minimal medium: 



35 
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Glucose 


19.4 


(NH 4 ) 2 HP0 4 


2.0 


K 2 P0 4 


6.6 


FeAmmCit 


0.1 


Tyrosine 


0.225 


MgS0 4 .7H 2 0 


2.25 


Rates of addition are given in grams 



liter. Trace element solution was also added (1 ml per 
liter). Ampicillin was added to the medium for the 

10 growth of HW77pME202. 

This seed culture was grown for 12 hr at 33° 
and then used to inoculate a 10 liter stirred tank fer- 
menter containing the same medium. The fermentation- was 
continued until the tyrosine was exhausted, i.e., about . 

15 11 hr at which point the glucose feed was commenced. 

Growth was limited by the tyrosine starvation to an A 670 
of about 20. A 70% glucose feed was used at a rate of 
0,63 g l -1 hr"" 1 . L-phenylalanine concentrations were 
monitored throughout the fermentation. 

20 Figure 5 gives details of a typical comparison 

between HW77 and HW77 carrying the Phe plasmid pME20 2. 
It is clear that the presence of the plasmid has 
enhanced both the rate of accumulation and the final 
broth titre of L-phenylalanine. The details of ^ 

25 productivity and final broth titre are summarized-- in che 
following table: 

STRAIN PRODUCTIVITY FINAL TITRE 

(gm/Liter, hr) (gm/Liter, hr) 
30 

HW77 0.11 6.07 

HW77+pME202 0.43 11.6 



35 



Analysis of the fermenter broths also revealed 
that whereas HW77 accumulated significant quantities of 
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both prephenate and chorismate HW77pME202 did not. This 
indicates that the deregulated pheA gene on pME202 is 
having the desired effect of increasing the flux down 
the L-phenylalanine branch of the pathway by elevating 
5 prephenate dehydratase activity in vivo . 

10 
15 
20 
25 
30 
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CLAIMS : 

1. As a composition of matter, a composite 
plasmid comprising: 

(a) a first DNA segment containing a replicon 
5 covalently joined to a second DNA segment containing one 
or more transcriptional units; (b) if only one trans- 
criptional unit, then an artificial operon containing 
two or more genes coding for two or more polypeptides 
active in the synthesis of an amino acid; (c) if two or 

10 more transcriptional units, then a first transcriptional 
unit comprising an artificial operon containing one or 
more genes coding for one or more polypeptides active in 
the synthesis of an amino acid and one or more addi- 
tional transcriptional units containing one or more 

15 genes coding for polypeptides useful in the production 
of an amino acid. 

2. The composite plasmid of Claim 1(c) 
wherein an additional transcriptional unit contains one 
or more genes coding for one or more catabolic enzymes 

20 or a transport protein. 

3. The composite plasmid .of Claim 2 wherein a 
catabolic enzyme is an amylase. 

4. The composite plasmid of Claim 1 wherein 
the polypeptides active in the synthesis of an amino 

25 acid are enzymes. 

5. The composite plasmid of Claim 4 wherein 
one of the genes coding for an enzyme active in the 
synthesis of phenylalanine is pheA . 

6. The composite plasmid of Claim 4 wherein 
30 one of the genes coding for an enzyme active in the 

synthesis of tryptophan, phenylalanine or tyrosine is 
aroF. 

7. The composite plasmid of Claim* 4 wherein 
one of the genes coding for an enzyme active in the 

35 synthesis of tyrosine is tyrA . 



< 
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8. The composite plasmid of Claim 4 wherein 
one of the genes coding for an enzyme active in the 
synthesis of phenylalanine or tyrosine is tyxB. 

9. The composite plasmid of Claim 4 wherein 
5 one of the genes coding for an enzyme active in the 

synthesis of tryptophan, phenylalanine or tyrosine is 
aroL. 

XO. The composite plasmid of Claim 4 wherein 
one of the genes coding for an enzyme active in the 
10 synthesis of tryptophan, phenylalanine or tyrosine is 
aroH. 

11. The composite plasmid of Claim 4 wherein 
one of the genes coding for an enzyme active in the 
synthesis of tryptophan, phenylalanine or tyrosine is 

15 aroG. 

12. The composite plasmid of Claim 4 wherein 
one of the genes coding for an enzyme. active in the 
synthesis of tryptophan is trp_E. 

13. The composite plasmid of Claim 4 wherein 
one of the genes coding for an enzyme active in the 
synthesis of phenylalanine or tyrosine is aspC. 

14. The composite plasmid of Claim 4 wherein 
one of the genes coding for enzymes active in the syn- 
thesis of tryptophan is trpB, trpA, trpD, or trpC. 

15. The op'.rcr. plasmid of Claim 1 wherein the 
replicon is capable of replication in a prokaryotic 
cell. 

16. A method of producing a composite plasmid 
comprising: 

(a) mutating individually to feedback inhibi- 
tion resistance one or more genes coding for an enzyme 
active in the synthesis of an amino acid; (b) connecting 
the mutated genes to a transcriptional unit; (c) 
expressing the transcriptional unit resulting in enzyme 
35 synthesis thereby increasing the synthesis of the amino 
acid. 



20 
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17. The method of Claim 16 wherein an addi- 
tional step comprises; 

(a) inserting an additional transcriptional 
unit containing one or more genes coding for one or more 
5 enzymes useful in the production of amino acids. 

18. A method of screening for microorganisms 
useful in amino acid production comprising: 

(a) transforming a bacterial cell with a 
plasmid containing an artificial operon containing a 

0 gene coding for the synthesis of a feedback resistant 
enzyme that is rate-limiting in amino acid synthesis; 

(b) selecting the transformed cells.; 

(c) isolating a pure culture; 

(d) quant itating the production of the 

5 desired amino acid or an. amino acid precursor from the 
pure culture in (c). 

19. The method of Claim 18 wherein an addi- 
tional step comprises: * 

(e) cross-feeding to determine one or more of 
0 the following: (1) amino acid concentration/ (2) amino 

acid precursor concentration/ or (3) growth in the 
presence of an amino acid analog. 

20. A composite plasmid of Claim 1 comprising 
plasmid pME202. 

5 21. A composite plasmid of Claim 1 comprising 

plasmid pME214. 

22 • A composite plasmid of Claim 1 comprising 
plasmid pME219. 

23. A composite plasmid of Claim 1 comprising 
0 plasmid pPT112. 

24. A method for the production of an amino 
acid comprising: (a) fermenting a bacterial cell con- 
taining the composite plasmid of claim 1; (b) isolating 
the amino acid. 

5 25. The method of Claim 24 wherein the amino 

acid is an aromatic amino acid. 
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26. The method of Claim 25 wherein the 
aromatic amino acid is L-phenylalanine. 

27. The method of Claim 25 wherein the 
aromatic amino acid is tyrosine. 

5 28. The method of Claim 25 wherein the 

aromatic amino acid is tryptophan. 

29. A composition of matter comprising a DNA 
sequence selected from the following: 
(a) chart 3; 
10 (b) chart 5; 

(c) chart 7; 

(d) chart 9; 

(e) chart 10; 

(f) chart 11. 

15 .30. A plasmid containing a DNA sequence of 

claim 29. 

31. A method for the production of an 
aromatic amino acid comprising: 

(a) fermenting a bacterial cell containing a 

20 plasmid of cl**m 30; 

(b) isolating the amino acid. 

32. The method of claim 32 wherein the 
aromatic amino acid is L-phenylalanine. 

33. The method of claim 32 wherein the 
25 aromatic a:ai*o acid is L-tyrosine. 

34. The method of claim 32 wherein the 
aromatic amino acid is I*- tryptophan. 
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